ABSTRACT The mobility of pooled turkey sperm following various storage regimens was assessed by objectively measuring the ability of sperm to penetrate a 2% Accudenz [5-(N-2,3-dihydroxypropylacetamido)-2,4,6-tri-iodo-N,N′-bis(2,3-dihydroxypropyl)isophthalamide] solution at 41 C. When semen was diluted with Beltsville poultry semen extender and stored at 5 C with agitation at 150 rpm, sperm mobility declined as the storage interval increased (P ≤ 0.05), with mobility scores (mean ± SEM) of 0.440 ± 0.029, 0.374 ± 0.031, 0.282 ± 0.011, 0.202 ± 0.019, and 0.130 ± 0.019 for 0-, 3-, 6-, 24-, and 48-h storage, respectively. For a 10-wk fertility trial using the same storage method, sperm mobility and fertilizing capacity of semen were significantly reduced following 24-h storage
INTRODUCTION
Semen of the domestic turkey usually cannot be stored for longer than 6 h without a loss in fertilizing capacity, even when oxygenated and stored with the appropriate diluents at a reduced temperature. Historically, spermatozoal fertilizing capacity has been correlated with sperm motility in chickens using subjective assessments (Cooper and Rowell, 1958; McDaniel and Craig, 1962; Soller et al., 1965; Boone, 1968; Wilson et al., 1979; Wishart and Palmer, 1986) . Recently, the Sperm Mobility Test (SMT) was developed to objectively assess the mobility of chicken sperm (Froman and McLean, 1996) , and was later modified for turkey sperm . This test is based on the ability of subpopulations of sperm to swim into a dense solution of Accudenz [5-(N-2,3-dihydroxypropylacetamido)-2,4,6-tri-iodo-N,N′-bis(2,3-dihydroxypropyl)isophthalamide], a nontoxic, inert, nonionic, triiodinated derivative of benzoic acid with three aliphatic hydrophilic side chains. This assay is performed at the hen's body temperature (41 C) and measures the proportion of sperm that move with a linear forward motion, i.e., mobility. Using the SMT, sperm mobility has been To whom correspondence should be addressed: ront@clemson.edu.
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compared with values for unstored semen. The sperm mobility scores were 0.404 ± 0.051 and 0.101 ± 0.046 for unstored and 24-h stored semen, respectively, whereas the percentage of fertilized eggs was 95.9 ± 5.1 for unstored semen and 48.0 ± 5.1 for 24-h stored semen. When caffeine or pentoxifylline was added to semen at 2.5, 5, or 10 mM, no significant effect on sperm mobility was seen, regardless of whether these compounds were added to unstored semen, were present during 6-h storage, or were added following the 6-h storage interval. These studies demonstrate that sperm mobility and fertilizing capacity of pooled turkey semen declines with storage, and that addition of caffeine or pentoxifylline either during or after storage does not affect sperm mobility. correlated with fertility in individual males (Froman and McLean, 1996; Froman et al., 1997; Donoghue et al., 1998; Froman and Feltman, 1998; Holsberger et al., 1998; Donoghue et al., 1999; Froman et al., 1999) . In the chicken, mobility has been shown to be a primary determinant of fertility (Froman et al., 1999) .
Recently, there has been increased interest in the use of pharmaceutical substances for potentiation and maintenance of sperm motility during and after semen storage. Methylxanthines (MTX), such as caffeine and pentoxifylline (PTX), have been shown to increase sperm motility in several mammalian species, including sheep, cats, dogs, and humans (Maxwell et al., 1995; Stachecki et al., 1995; Koutsarova et al., 1997; Nassar et al., 1998) . Caffeine also has been reported to restore the motility of washed chicken sperm (Wishart and Ashizawa, 1987) and to enhance the mobility of fresh turkey semen (Froman and McLean, 1996) . However, little is known about the effects of caffeine or PTX on the mobility of pooled and stored turkey semen. Potentiation and maintenance of sperm mobility during storage could possibly prevent the loss of fertilizing capacity associated with stored turkey semen, and therefore would be beneficial to the turkey breeder industry. Thus, the objectives of this research were: 1) to assess the effect of storage interval on sperm mobility of pooled turkey semen, 2) to determine sperm mobility and fertilizing capacity of 24-h stored semen, and 3) to study the effects of caffeine and PTX on the sperm mobility of 6-h stored turkey semen.
MATERIALS AND METHODS

Experimental Animals and Semen Collection
Small White turkeys 3 bred for high egg production were used for these studies. The birds were maintained in enclosed houses with artificial lighting (14 h light:10 h dark) and had access ad libitum to feed and water. Toms received fluorescent light (cool white delux, 4 189 lx at head height) and a diet containing 12.0% protein at 2,650 kcal ME/kg. Hens received incandescent light (50 lx at head height) and a diet containing 16.6% protein, 2.45% calcium, and 0.69% phosphorus, at 2,890 kcal of ME/kg. The turkeys were in their first breeding season and were 40-wk-old at the beginning of these studies. Two pens of toms (32 toms per pen) were used throughout these studies to obtain pooled semen samples. Semen was collected from the individual turkey toms by abdominal massage (Burrows and Quinn, 1937) and pooled into one sample, except as noted below.
Determination of Sperm Concentration
The sperm concentration of each pooled semen sample was determined according to the method of Donoghue et al. (1996) . A 12.8-µL aliquot of semen was added to 3.42 mL of 3% NaCl in a 4.0-mL polystyrene cuvette. The cuvette was capped and mixed by inverting ten times, and the absorbance was read at 660 nm in a Gilford Model 250 spectrophotometer.
5 Sperm concentration was calculated for each absorbance reading using a standard curve prepared from diluted semen samples of known sperm concentration. The sperm concentrations of these samples were determined by counting in a sperm-bacteria counting chamber. 
Sperm Mobility Test
Sperm mobility was determined using the SMT (Froman and McLean, 1996; Donoghue et al., 1998) droxymethyl)methyl-2-aminoethanesulfonic acid, pH 7.4, containing 111 mM NaCl, 25 mM glucose, and 4 mM CaCl 2 . For each 100 mL of 2% (wt/vol) Accudenz ,7 solution, 2 g of Accudenz was dissolved in 10 mL of 50 mM N-tris(hydroxymethyl)methyl-2-aminoethanesulfonic acid/30 mM KCl, pH 7.4, and 90 mL of motility buffer. Five milliliters of buffer was removed and replaced with 5 mL of distilled water. The osmolality of all solutions was monitored to ensure that there would be no osmotic damage to sperm.
Each pooled semen sample was diluted to 1 × 10 9 sperm/mL with motility buffer. A 300-µL aliquot of each sperm dilution was overlaid onto 3 mL of prewarmed 2% Accudenz in a 4.0-mL polystyrene cuvette. Cuvettes were incubated for 5 min in a modular dry-bath 8 at 41 C and transferred to a Gilford Model 250 spectrophotometer, and after 1 min, the absorbance was read at a wavelength of 550 nm.
Sperm Mobility of Stored Semen
Semen was collected from individual turkey toms, and three pooled samples from different toms were obtained by alternating the tube into which each successive sample was placed. Each pooled semen sample was diluted with an equal volume of Beltsville poultry semen extender (BPSE) and stored at 5 C with agitation at 150 rpm on an orbital shaker 9 to improve oxygenation. At 0, 3, 6, 24, and 48 h, aliquots of semen were removed, and sperm concentrations and SMT scores were determined as described above. Each sample was evaluated in triplicate, and the procedure was repeated on two separate semen collections.
Sperm Mobility and Fertilizing Capacity of Unstored and Stored Semen
Pooled turkey semen was collected weekly, diluted with an equal volume of BPSE, and divided into two aliquots. One aliquot was used immediately for insemination of hens. The other aliquot was stored for 24 h at 5 C with agitation at 150 rpm prior to insemination of hens. Two pens of hens (6 hens per pen) were assigned to each treatment and were inseminated weekly for 11 wk with 80 µL of either unstored or 24-h stored semen. Insemination doses for weeks when sperm concentrations were determined (see below) ranged from 4.5 to 6.0 × 10 8 total sperm per insemination for unstored semen, and from 3.2 to 4.8 × 10 8 total sperm per insemination for stored semen. Eggs were collected daily for 10 wk, beginning on the second day after the second insemination, held for up to 1 wk before being incubated, and candled at Days 10, 17, and 25 of incubation to determine fertility and embryonic mortality. Classification was confirmed by breaking and examining the eggs. Fertility was calculated as the percentage of total eggs that were fertilized, including viable embryos on Day 25 of incubation and embryos that died on or before this day.
At five of the weekly inseminations (artificial insemination Weeks 3, 5, 7, 9, and 11, which correspond to Week 2, 4, 6, 8, and 10 egg collections, respectively), aliquots of semen used for insemination (one stored and one unstored) were assayed as described above to determine sperm concentrations and sperm mobility scores. Each sample was evaluated in triplicate.
Effects of Methylxanthines on Sperm Mobility of Unstored and Stored Semen
A preliminary experiment was conducted to determine the dose levels of MTX to be used in subsequent experiments. Pooled semen was diluted with an equal volume of BPSE or BPSE containing either caffeine or PTX such that the final concentrations were 0, 0.5, 5.0, and 50 mM. Samples were stored at 5 C with agitation at 150 rpm. Samples were evaluated subjectively by light microscopy after 3 h. Because the 50-mM dose level appeared to be detrimental to sperm, graded doses of MTX ranging from 0 to 10 mM were chosen for Study A (described below).
Study A: Effects of Methylxanthines on Sperm Mobility of Unstored or 6-h Stored Semen (Methylxanthines Present During Storage). Pooled semen was diluted with an equal volume of BPSE or BPSE containing either caffeine or PTX such that the final concentrations were 0, 2.5, 5.0, and 10 mM. The sperm concentration and the SMT as described above were used to assess sperm mobility immediately after addition of MTX and after 6 h of storage. Each sample was evaluated in triplicate, and the procedure was repeated for three separate semen collections.
Study B: Effects of Methylxanthines on Sperm Mobility of 6-h Stored Semen (Methylxanthines Added After 6-h Storage). Pooled semen was diluted with an equal volume of BPSE or BPSE containing either caffeine or PTX such that the final concentration was 5 mM. Three semen samples were prepared: 1) a control with no added MTX, 2) MTX added to semen after 6 h of storage, and 3) MTX present during 6 h of storage. Sperm concentration and the SMT (assayed as described above) were used to assess sperm mobility at Time 0 and after 6 h of storage. Each sample was evaluated in triplicate, and the procedure was repeated for three separate semen collections.
Statistical Analyses
In the sperm storage study and the fertility trial, the sperm mobility scores were analyzed using a paired Student's t-test (Ott, 1993 ) with significance at P ≤ 0.05.
10
Fertility data were subjected to analysis of variance using the general linear model of SAS software (SAS Institute, 1986) . Percentage data were arcsine transformed for analysis of variance, and treatment means were further separated by least significant difference. In both MTX studies, 10 Statworks, Cricket Software, Islandia, NY 11788-7000. Values without a common superscript differ significantly (P ≤ 0.05).
1
Pooled turkey semen was diluted with an equal volume of Beltsville poultry semen extender and stored at 5 C with agitation at 150 rpm. The sperm mobility test (SMT) was performed at indicated storage intervals.
2 Sperm Mobility Test scores (absorbance 550 ) are expressed as the mean ± SEM (n = 4). Data were analyzed using paired Student's t-test. the sperm mobility scores were analyzed using paired or unpaired Student's t-test with significance at P ≤ 0.05.
RESULTS
When pooled turkey sperm was diluted with BPSE and stored at 5 C with agitation at 150 rpm, the sperm mobility scores declined significantly as the storage interval increased (Table 1) . When sperm mobility at each storage interval was expressed as a percentage of the SMT score for unstored semen (Time 0), 85% mobile sperm remained after 3 h, which was further reduced to 64% after 6 h, 46% after 24 h, and 30% after 48 h.
The sperm mobility scores and the fertilizing capacity of unstored and 24-h stored semen during a 10-wk fertility trial are shown in Table 2 . The sperm mobility for unstored semen was significantly greater than that for 24-h stored semen. The percentage of fertile eggs from unstored semen was also significantly greater than that from 24-h stored semen. Sperm mobility score and fertility of Between columns, values without a common superscript differ significantly (P ≤ 0.05).
1
Pooled turkey semen was diluted with an equal volume of Beltsville poultry semen extender and stored for 24 h at 5 C with agitation at 150 rpm. The sperm mobility was assessed immediately and after 24 h of storage.
2
Sperm mobility test (SMT) scores (absorbance 550 ) are expressed as mean ± SEM (n = 5). Data were analyzed using paired Fertility is expressed as the percentage of total eggs (mean ± SEM; n = 10). Two pens (six hens per pen) were inseminated weekly for 11 wk with 80 µL of semen diluted as described above. Eggs were collected daily for 10 wk and held up to 1 wk before being set for incubation. Eggs were candled and break-out fertility was determined. Percentage data were arcsine transformed for ANOVA. FIGURE 1. The sperm mobility test (SMT) scores (absorbance 550 ) and fertilizing capacity are shown for unstored and 24-h stored semen over the course of a 10-wk fertility trial. Pooled turkey semen was diluted with an equal volume of Beltsville poultry semen extender (BPSE) and either used immediately or stored for 24 h at 5 C with agitation at 150 rpm prior to insemination of hens. Two pens (six hens per pen) were inseminated weekly for 11 wk with 80 µL of semen diluted with BPSE (n = 10). Eggs were collected daily for 10 wk and held up to 1 wk before being set for incubation. Eggs were candled, and fertility was determined by visual inspection of the germinal disc. At five of the weekly inseminations (artificial insemination Weeks 3, 5, 7, 9, and 11, which correspond to eggs from Weeks 2, 4, 6, 8, and 10, respectively), aliquots of unstored or 24-h stored semen were assessed to determine sperm mobility (n = 5). Columns with different letters (A−C) differ significantly (P ≤ 0.05).
the 24-h stored semen were 25 and 50%, respectively, of those for unstored semen. The biweekly values are shown in Figure 1 . Fertilizing capacity of unstored semen did not change significantly during the course of the study, and was always significantly higher than fertilizing capacity of stored semen. There was a significant decline in fertilizing capacity of stored semen during the course of the study, with the percentage of fertile eggs at Week 10 significantly lower than at Weeks 2 or 4. The weekly SMT scores have been included in Figure 1 for reference.
In Study A, dose levels of 0, 2.5, 5.0, and 10 mM were evaluated with MTX added to unstored semen or present during the 6-h storage interval. Neither caffeine nor PTX (Table 3) , at any of the dose levels tested, had an effect on the sperm mobility of unstored semen. A significant decline in sperm mobility was seen after storage, regardless of the presence or absence of MTX. Sperm mobility at 6 h for each concentration was only 51 to 62% of that for unstored semen, even with the addition of MTX.
In Study B, only the 5-mM dose level was used to determine whether an effect on sperm mobility could be seen when MTX was added after the storage interval, just prior to the SMT. Again, a significant decline in sperm mobility was noted for stored semen when compared with unstored semen, regardless of whether the MTX was present during storage, added after storage, or absent from the semen ( Table 4 ). The addition of caffeine or PTX did not significantly (P ≤ 0.05) improve the sperm mobility of unstored semen. The SMT scores after storage were only 51 to 68% of the scores for unstored semen. For each compound, values within columns and rows without a common superscript differ significantly (P ≤ 0.05).
1
Pooled semen was diluted with an equal volume of Beltsville poultry semen extender (BPSE) or BPSE containing caffeine or pentoxifylline as indicated above. Diluted samples were assayed either immediately or after storage for 6 h at 5 C with agitation at 150 rpm. Sperm mobility test (SMT) scores were based upon the ability of sperm to penetration a 2% (wt/vol) Accudenz solution at 41 C. Sperm mobility scores (absorbance 550 ) are expressed as the mean ± SEM (n = 3). Data were analyzed using paired and unpaired Student's t-test. 
DISCUSSION
Researchers have positively correlated sperm motility, and more recently, mobility, with fertilizing capacity for chickens and turkeys (Cooper and Rowell, 1958; McDaniel and Craig, 1962; Soller et al., 1965; Boone, 1968; Wilson et al., 1979; Wishart and Palmer, 1986; Froman and McLean, 1996; Donoghue et al., 1998) . It is known that For each compound, values within columns and rows without a common superscript differ significantly (P ≤ 0.05).
1
Pooled semen was diluted with an equal volume of Beltsville poultry semen extender (BPSE) or BPSE containing caffeine or pentoxifylline to a final concentration of 5 mM. Diluted semen samples were assayed to determine sperm mobility either immediately or after storage for 6 h at 5 C with agitation at 150 rpm. Compounds were either present in the semen for 6 h of storage or added to the semen after 6 h of storage. turkey semen cannot be stored for longer than 6 h without a loss in fertilizing capacity, and this loss is largely associated with a decrease in sperm mobility. Reduced fertility late in the breeding season is a major problem for stored turkey semen (Thurston, 1995) ; the results of the present 10-wk fertility trial support the conclusion that as toms age, the ability of stored sperm to remain mobile is reduced, possibly contributing to a further decline in fertility. Thus, investigation of factors that are determinants of sperm mobility might provide clues to storage regimens that would allow longer storage of turkey semen without loss of fertilizing capacity. Three requirements for mobile sperm are: an intact flagellar apparatus, an energy source, and proper regulation of the flagellar motility.
The present research concentrated on enhancing sperm mobility through regulation of the motility apparatus. In mammalian sperm, researchers have recognized that a critical step in the regulation of flagellar motility may be controlled by a protein phosphorylation-dephosphorylation system (Tash and Means, 1983; Brokaw, 1987; Lindermann and Kanous, 1989; Tash, 1989; Majumder et al., 1990; Morisawa, 1993 Morisawa, , 1994 Tash and Bracho, 1994) . More specifically, it has been recognized that the activation of mammalian sperm motility is due to the phosphorylation of an axonemal protein by a specific serine-threonine kinase, adenosine 3′,5′-cyclic monophosphate (cAMP)-dependent protein kinase (Tash and Means, 1983; Lindemann and Kanous, 1989; Morisawa, 1994) . The MTX, caffeine and PTX, have been reported to function as cAMP phosphodiesterase inhibitors in mammalian sperm (Aparicio et al., 1980; Makler et al., 1980; Jiang et al., 1984; Singh et al., 1986; Reese et al., 1990; Kay et al., 1993; Mladenovic et al., 1994; Paul et al., 1994; Maxwell et al., 1995; Stachecki et al., 1995; Fayed, 1996; Koutsarova et al., 1997) . Inhibition of cAMP phosphodiesterase results in elevated levels of cAMP, thereby increasing sperm mobility.
Using washed chicken sperm, Wishart and Ashizawa (1987) reported that caffeine restored motility lost as the temperature was raised from 30 to 40 C, and caused an increase in sperm cAMP levels at 40 C. Froman and McLean (1996) also reported that caffeine enhanced the mobility of turkey sperm in vitro when tested in the Accudenz SMT. These results suggest that the mobility of avian sperm is regulated in a manner similar to that of mammalian sperm. In the present study, however, MTX had no effect on the sperm mobility of unstored or stored turkey semen. These apparently conflicting results could be due to differences in experimental conditions. Washing sperm may remove factors necessary for maintaining motility at 40 C. Addition of caffeine may restore these factors, and thus restore motility. In the present study, turkey sperm were not washed, and the seminal plasma present may have provided for maximum mobility, so that addition of caffeine or PTX to unstored semen did not result in noticeable improvement of sperm mobility. Although Froman and McLean (1996) did not use washed turkey sperm in their studies, caffeine (3 mM in motility buffer) was added to semen at the time it was diluted to 1 × 10 9 sperm/mL, just prior to overlaying onto a 4% Accudenz solution. In the present study, the MTX were present in the BPSE used for the initial semen dilution. These samples were then further diluted (up to 6 h later for stored semen) to 1 × 10 9 sperm/mL with motility buffer only in preparation for overlaying onto a 2% Accudenz solution.
It is also possible that there are differences between mammalian and avian sperm with regard to the regulation of flagellar motility. Alternate second messenger systems have been proposed for regulation of chicken sperm mobility. Ashizawa et al. (1995) showed that mobility of intact sperm at 30 C was decreased by a specific inhibitor of myosin light chain kinase, whereas cAMP-dependent protein kinase inhibitors had no appreciable effect on sperm mobility. Ashizawa et al. (1998) reported a dosedependent decrease in mobility of intact sperm at 30 C when a specific inhibitor of tyrosine kinase was present. No decrease in the intracellular level of adenosine triphosphate (ATP) was seen, suggesting that the inhibitor did not interfere with energy production, but rather acted on some part of the regulatory system. Because turkey and chicken sperm are structurally similar regarding the axoneme, turkey sperm may also utilize a different second messenger system for the regulation of flagellar motility. Turkey sperm may regulate motility by one of the methods described above, or there may be an alternative regulatory system in turkey sperm. Further research is needed to fully understand regulation of flagellar motility.
Loss of sperm mobility during storage may also be related to the ability of the sperm to provide energy for locomotion. Wishart (1982 Wishart ( , 1984 has determined that turkey sperm require oxygen during storage in order to maintain optimal ATP levels and fertilizing capacity. According to Lake et al. (1984) and Huyghebaert et al. (1984 Huyghebaert et al. ( , 1985 Huyghebaert et al. ( , 1987 , turkey semen can be stored for 24 h without a significant loss in fertility as long as a suitable diluent is provided, sufficient oxygen is supplied, and a low storage temperature is chosen. In the present research, however, a decline in mobility and fertility was seen even when semen was diluted with BPSE, stored at 5 C, and provided oxygen during storage. Thus, oxygen may not be the only important factor in maintaining ATP levels in turkey sperm during storage. Froman and Feltman (1998) classified roosters according to sperm mobility phenotype and found that sperm mobility was highly correlated with sperm ATP content. Mitochondrial function was shown to be fundamental for expression of phenotype. Sperm from highmobility males were more fecund than those of averageor low-mobility phenotype, and it was predicted that sperm mobility is dependent upon an endogenous substrate, most likely a long-chain fatty acid that must be oxidized within the mitochondrial matrix (Froman et al., 1999) . Normally, this occurs by conjugation of the acetylCoA-activated molecule with carnitine on the exterior side of the inner mitochondrial matrix (Stryer, 1995) . Average-mobility males were shown to have lower acylcarnitine-to-carnitine ratios and lower concentrations of ste-aroyl carnitine than high-mobility males (Froman et al., 1999) . Because the predominant and longest fatty acid extracted from the sperm of high-mobility males was stearic acid (n-octadecanoic acid), it was concluded that stearic acid is the endogenous substrate present within chicken sperm.
If sperm mobility is dependent upon an endogenous substrate, depletion of this substrate during storage may lead to a decline in sperm mobility due to a lack of ATP production, despite adequate oxygenation. In the present study, stored turkey semen demonstrated a curvilinear decline in sperm mobility over 48 h. There was a more rapid loss of mobility early in storage, with 36% of the initial activity lost during the first 6 h of storage. Between 6 and 24 h, an additional 18% of the activity was lost, and between 24 and 48 h, 16% more of the activity was lost, leaving 30% of the initial mobility at 48 h. This pattern may reflect declining substrate concentration and availability of the remaining substrate.
Over the course of the 10-wk fertility trial, a 75% reduction in SMT score resulted in a 50% reduction in fertility. Although mobility, as defined by SMT score, has been correlated with fertility, this has been done using individual males; SMT scores for pooled semen may not necessarily be the average of the individuals making up the pool. In addition, the relationship between mobility and fertility may not be linear for pooled semen. Factors other than sperm mobility may also influence the observed fertilizing capacity. For example, the SMT score for stored semen at Week 2 (0.263) was actually higher than the score for unstored semen at Week 6 (0.237), yet the fertilizing capacity of the stored semen at Week 2 (68%) was much lower than that of unstored semen at Week 6 (98%). At Week 2, hens inseminated with stored semen had received only two previous inseminations (SMT scores not determined). By Week 6, hens inseminated with unstored semen had received seven previous inseminations, with SMT scores for at least two of those weeks determined and shown to be greater than 0.429. Thus, the sperm storage tubules of the hens inseminated with unstored semen may have contained sufficient sperm to maintain fertility through an insemination with less mobile sperm. Alternatively, an undetected problem with the sperm mobility assays at Week 6 may have resulted in anomalous SMT scores, because there was no reduction in sperm concentration or increase in percentage of dead sperm at the Week 6 insemination.
In summary, based upon previous research with avian and mammalian sperm, it was hypothesized that turkey sperm regulate mobility through a cAMP second messenger system. In mammals, it has been possible to alter this regulatory system with MTX in order to enhance sperm motility. However, the present research has demonstrated that the addition of MTX to pooled and stored turkey semen does not enhance sperm mobility. It is possible that the problem with maintaining turkey sperm mobility resides within the mitochondria and energy generating system, rather than the regulatory system. Thus, further research should concentrate on the energy generating system that drives the motility apparatus of turkey sperm.
